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英文缩写 英文全名 中文名称 
HIF Hypoxia induced factor 缺氧诱导因子 
NRs Nuclear receptors 核受体 
PHDs Prolyl hydroxylases 脯氨酰羟化酶 
SBP Steroid binding protein 类固醇结合球蛋白 
DBD DNA-binding domain DNA 结合结构域 
RXR Retinoid-X receptor 视黄醇 X受体 
ER Estrogen receptor 雌激素受体 
LBD Ligand-binding domain 配体结合区 
HDAC Histone deacetylase 组蛋白去乙酰化酶 
PBS Phosphate-buffered saline 磷酸盐缓冲液 
VBC pVHL/Elongin B/Elongin C VBC复合体 
Bcl-2 B-cell lymphoma-2 B细胞淋巴瘤-2 
HRE Hormone response element 激素响应元件 
VEGF Vascular endothelial growth factor 血管内皮生长因子 
PD1 Programmed death 1 程序性死亡受体 1 
DIM 3,3'-Diindolylmethane 3,3′-二吲哚甲烷 
GFs Growth factors 生长因子 
IFNγ Interferon gamma 干扰素 γ 
IL1β Interleukin 1β 白介素 1β 
LPS Lipopolysaccharide 脂多糖 
IP Immunoprecipitation 免疫沉淀 
ATCC American type culture collection 美国模式培养物集存库 
SPF Specefic pathogen Free 无特定病原体 
WB Western blotting 蛋白质免疫印记 



























































Hypoxia-inducible factor-1α(HIF1α) plays a central role in oxygen homeostasis. 
It regulates the expression of more than 70 target genes involved in tumor growth, 
metastasis, invasion, angiogenesis, metabolic adaptation. Orphan nuclear receptor 
Nur77 belongs to the nuclear receptor superfamily, and plays an important role in 
numerous biological processes including cellular proliferation and growth, apoptosis, 
and immune response in normal and malignant cells. Previous studies demonstrated 
that Nur77 could enhance the transcriptional activity of HIF1α by inhibiting pVHL-
mediated proteasome-mediated HIF1α degradation. Thus, identification of Nur77 
modulators capable of inhibiting Nur77-dependent HIF1α stability may lead to the 
development of novel cancer therapeutics.   
Here, we demonstrate that XS-170, a new small molecule recently identified in 
our lab, can bind Nur77 to induce HIF1α degradation. In vitro study showed that XS-
170 inhibited the expression of HIF1α protein in a Nur77 dependent manner under 
hypoxia. By using PyMT transgenic breast cancer mice model, we found that XS-170 
could significantly inhibit the growth of breast tumors, which was accompanied with 
inhibition of the expression of HIF1α and its downstream target gene VEGF. 
Mechanistically, our data demonstrated that induction of HIF1α degradation by XS-170 
in hypoxia could be attributed to its promotion of Nur77 poly-ubiquitination and 
degradation. Furthermore, we found that XS-170 could enhance Nur77 interaction with 
VHL known to recruit E3 ubiquitin ligase complex. Together, our results identify XS-
170 as a promising lead for breast cancer therapy and provide important insight into its 
mechanism of action. 
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 前 言 
1.核受体概述 
核受体（nuclear receptors，NRs）是多细胞生物体内含量非常丰富、分布非

























素受体（Androgen Receptor, AR），雌激素受体（Estrogen Receptor, ER），孕酮受
体（Progesterone Receptors, PR），盐皮质激素受体（Mineralocorticoid Receptor, MR）
和糖皮质激素受体（Glucocorticoid Receptor, GR）等。2.非固醇类受体，包括视
黄酸视黄醇受体（Retinoic Acid Receptor, RAR、 Retinoid X Receptor, RXR），甲
状腺激素受体 （Thyroid Hormone Receptor, TR），维生素 D 受体（Vitamin D 
Receptor, VDR）  和过氧化物酶体增殖物激活受体（Peroxisome Proliferator-
activated Receptor, PPAR）等。3.孤儿核受体，即是暂时没有发现其存在特异性的
体内配体的核受体，目前已报道的人体 48个核受体超家族成员中有 25个被列为
孤儿核受体，包括 Nur77，SHP (Small Heterodimeric Partner)，LPH1 (Liver Receptor 
Homologue-1) 等。主要的分类及其配体名称可参考表 1所示。 
核受体在结构上具有一定的相似性，除了个别结构特殊的核受体外，大部分
核受体具有较为保守的结构特征[6]。包括从 N端到 C端划分的 A至 F五个部分
(图 1)。N端可变的 A/B区，此区域也称为活化功能域 1（Activation Function 1，
AF-1）,它是配体非依赖性的。C 区称为 DNA 结合区（DNA Binding Domain，
DBD），该区域高度保守，其核心是两个锌指结构模体。D区为可变的连接子区，
此区域起着连接 D区和 E/F区的作用，保守性相对较低。E/F区为活化功能域 2
（Activation Function 2，AF-2），与 AF-1区相反，AF-2区是配体依赖性的。其























图 1. 核受体的结构图 
































图 2. 核受体介导的信号通路（引自文献 7） 
Fig. 2 Nuclear Receptors signaling pathway (Ref. 7) 
 
2.孤儿核受体 Nur77简介 
孤儿核受体 Nur77 是一类立早基因，它又被称为 TR3、NR4A1（Nuclear 































图 3. Nur77介导的肿瘤细胞的存活与凋亡（引自文献 10） 






























缺氧诱导因子（Hypoxia Induced Factors, HIF）顾名思义即是由于氧的缺乏而
被诱导激活的一类转录因子，它是介导体内氧自稳的最主要的转录因子。当然，
缺氧诱导因子并不单单响应乏氧的信号，它还会受到其他条件因素的刺激，例如
生长因子（Growth Factors, GFs）、干扰素 γ（Interferon Gamma, IFNγ）、白介素 1β












用下被羟基化，羟基化的 HIF1α被 pVHL（Von Hippel-Lindau tumor suppressor）
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